ARTIFICIAL respiration concerns anesthetists in two ways. First we use artificial or controlled respiration upon our patient during anesthesia. Second we are sometimes called as consultants in the matter of resuscitation for emergencies where respiration has ceased. Let us begin by discussing the possible effect of controlled respiration upon patients during anxesthesia.
How do we institute controlled respiration? If we apply to the face of a conscious man a mask connected to a bag, with suitable means for carbon-dioxide absorption, he will breathe comfortably in and out of the bag provided that we make up the oxygen consumed. If now, at a moment when he is breathing out, we attempt to inflate'his lungs by squeezing the bag we shall find our effort opposed by a marked muscular effort on the part of the patient. He will resist any disturbance of the rhythm of his breathing. The mechanism involved is usually called the Hering-Breuer reflex. It is through this reflex that the state of deflation of the lungs forms at least part of the normal stimulus to inspiration and the state of inflation of the lungs forms part of the normal stimulus to expiration. The reflex requires intact function of the vagus nerve for its occurrence.
Let us now consider what will happen if we carry out the same manceuvre on a man who is in a state of apnoea following a period of voluntary hyperventilation. Before we do so, however, it may be worth while to consider briefly the nature of this state, because it is not a very simple one. If a normal subject voluntarily hyperventilates when breathing air, after a time further respiration becomes impossible and there ensues a pause before respiration starts once more. Before the end of this pause the subject will usually have become cyanosed. His blood is deficient in oxygen but he does not start to breathe until the level of carbon dioxide has climbed once more to normal or slightly above it.
Let us now suppose that we cause a normal subject to hyperventilate voluntarily when breathing oxygen. After a time respiration ceases and at the beginning of the ensuing pause his lungs will be substantially filled with oxygen. Quickly, however, a substantial proportion of the nitrogen dissolved in his body will be released by the blood into the lungs. In this way the oxygen in his lungs becomes diluted with nitrogen as well as carbon dioxide and water vapour, but even so the pause in respiration will last longer than in the previous case and when respiration starts again the subject will usually still be of quite normal colour. The stimulus to commencement of respiration appears to be almost entirely that of carbon dioxide.
In the third case let us assume that before the hyperventilation the subject has been breathing pure oxygen for a period of about one hour. In this way some 70% of the litre or so of nitrogen dissolved in his body will have been eliminated. Now, if he voluntarily hyperventilates on pure oxygen, the ensuing pause before respiration restarts will be much longer still. In subjects who have trained themselves to this procedure an apnceic period of ten minutes is by no means impossible.
If we now take one of these subjects towards the end of his period of apncea and attempt to inflate his lungs with bag and mask as we described previously, we shall find that the actual pattern of respiration can largely be dictated by our efforts. The total volume of respiration, however, still is not controlled by the operator unless altogether excessive pressures are used. If we increase the rate of our attempts to inflate the lungs we shall find that the volume of air that we can put into them decreases so that the total ventilation is determined rather by the subject's muscular activity than by the method or frequency of the artificial operation. This is true also, of course, of a conscious subject who has not hyperventilated if we use force enough to overcome the confusing action of his Herring-Breuer reflex.
When we attempt similar manceuvres of inflation upon a lightly anesthetized patient we shall find ourselves opposed by the Hering-Breuer reflex just as in the conscious man, indeed the irritability, so to speak, may be increased above normal. At slightly deeper planes of anxesthesia we find that we can increase the respiratory excursion each time that the patient inspires and in this way produce passive hyperventilation. Naturally as we are increasing the tidal exchange we shall increase the rate of absorption of the anaesthetic and the speed with which aneesthesia deepens. Thus whether by design, or by inadvertence, the patient will frequently become so deep that neither the nervous mechanism nor the chemical mechanism, whereby total ventilation seems to be limited, will operate. The patient comes into a state when we can do almost anything we wish with his respiration. We can overventilate him, we can under-ventilate him, or we can leave him without ventilation at all and he may have no means of defending himself against these irregularities. This is the state of a patient in deep anasthesia.
With such a completely malleable subject how shall we determine whether or not we are carrying his gaseous exchange too far from normal? How shall we know whether by this means or by other means we may be causing him damage?
We shall, of course, carefully observe his pulse, blood-pressure and colour for any evidence of anoxia. Assuming that this evidence is absent and that the patient is of good colour can we assume that we shall be removing the carbon dioxide from his body adequately? The answer is certainly in the negative. Roth, Whitehead, and Draper [1] describe how they gave to dogs doses of pentothal three times the amount required to produce respiratory arrest. These dogs had previously been breathing pure oxygen for about an hour so that most of the nitrogen had been eliminated from their bodies. After the pentot ¶ial there were no respiratory movements in the ordinary sense although there must have been small air movements due to cardiac beats. Placed in chambers ventilated entirely with oxygen these animals nevertheless survived by what the authors describe as "diffusion respiration" for periods of about one hour. Their colour remained good provided that they were surrounded by oxygen only.
The alveolar carbon dioxide tension rose, however, to very high levels of the order of 250 mm. of mercury. Nevertheless, they did not display the serious clinical signs which might have been expected.
A patient anxsthetized with cyclopropane may be in similar case. If the anesthesia has proceeded for an hour or two and the bag has been emptied occasionally, most of his bodily dissolved nitrogen will have disappeared. Extremely feeble ventilation will probably keep him from cyanosis. Nevertheless very great accumulation of carbon dioxide might be occurring.
The effects of high carbon dioxide pressures upon man are serious, and many papers have been written upon this subject. As in all matters of anesthesia, however, we have to determine whether the order of the effect which we experience is sufficient to produce grave results in the condition with which we are concerned. As so frequently occurs in anzesthetic matters, it is a question of degrea.
The paper of particular interest is that of Dripps [2] in which he shows that the tidal respiration during close circuit anesthesia may fall to a very low level without necessarily exciting the aniesthetist's attention. He records cases in which spontaneous respiration was present but was so inefficient that the alveolar carbon-dioxide pressure rose to 120 mm. or more. This rise was accompanied by about a 50 % rise in the systolic blood-pressure and after the cessation of anesthesia there was a precipitate fall of this elevated blood-pressure with symptoms of collapse sometimes called "Post-cyclopropane collapse".
On the other hand Seevers and Waters [3] have remarked that during controlled respiration by hand, excessive pulmonary ventilation is often produced, particularly by less experienced anmsthetists. This excessive pulmonary ventilation will, of course, bring about a fall in the alveolar carbon-dioxide pressure. You will recall that Yandell Henderson [4] contended that surgical shock was in large measure due to a low carbondioxide pressure caused by hyperventilation from pain, anxiety, &c. This theory is not now generally accepted but it is usually considered that a severe fall in blood-pressure will follow periods of forced hyperventilation. Once again we must regard the matter as one of degree.
Seevers and his co-workers found effects serious, but not perhaps so grave as we might expect. In typical cases which they examined the plasma pH rose by 0-31 above the anmsthetic level when the patient was breathing spontaneously. The systolic blood-pressure fell by as much as 20 mm. of mercury and the diastolic pressure rose by about 7 mm. of mercury. Tetany was not seen but there was some rigidity and exaggeration of superficial reflexes. Seevers claimed that when normal ventilation was restored these changes were immediately reversed. In this sense their results did not suggest a development of shock as such a condition would not be immediately reversible.
We must now consider the effects of pressure within the pulmonary tree as distinct from the effects produced by pressure upon the gaseous content of the lungs.
During controlled respiration the intratracheal pressure must always be positive. There will never be a phase of negative pressure within the lungs. Forceful artificial ventilation may increase the positive intratracheal pressure very considerably and there are three ways in which this might harm our patient: (a) By impairing the pulmonary circulation; (b) by a direct action upon the venous chambers of the heart which might prevent it from filling. Either of these effects might be reflected in some deterioration of the systemic circulation.
A good deal has been written on this subject much of it based upon hypothesis only, but recently there has been renewed interest in the matter. The main reason for this renewal of interest is the introduction of breathing of oxygen under increased pressure by aviators flying at very high altitudes.
Clinical trials on fit men breathing under increased pressure of 8 to 15 mm.Hg showed that a proportion of them will, after a few minutes, show some circulatory failure or syncope. The incidence of this faint varied from one investigation to another but was of the order of 5% of individuals.
Animal experiment shows that a maintained positive pressure of 5 mm. of mercury has a variable effect upon the cardiac output, sometimes decreasing it and at other times increasing it. Kahn [5] and others have calculated that at 5 mm. increased pressure the work of ventilation is somewhat reduced. Above this pressure the work involved in respiration is increased. If the positive pressure is higher (about 20 mm.Hg) the venous pressure always increases, the systemic blood-pressure usually falls and the pulmonary blood-pressure rises. The effects are more severe if the chest is closed than if it is open [6, 7, 8, 9] .
Carr and Essex [10] report that if dogs are ventilated to a positive pressure of about 15 mm. of mercury intermittently released to about 15 mm. of mercury, a certain number developed what they call fatal apnoea. This reaction was absent in vagotomized animals but was not modified by normal doses of atropine. Even small hemorrhages produced a serious deterioration in the dogs' condition and in those which died there was acute parenchymal and subpleural emphysema. The serious effects were not noted, however, until the increased pressure had been maintained for three hours or more.
Beecher has rightly pointed out that though the effects of increased pressure on experimental animals may not seem to be very serious, they might well be much more significant in sick or injured human subjects. There are grounds for believing that the increased pressure within a closed system may be responsible for deterioration of cardiac output when the pressure has been maintained, during operation, for an hour or more.
In summary, if we allow a patient under anaesthesia to maintain spontaneous respiration of adequate volume, he can, so to speak, protect himself against grave abnormality of blood gases or intrapulmonary pressure changes. If we institute controlled respiration we must realizethat we are usurping these important protective functions. The utmost care must then be taken to avoid damage. Generally speaking, unless there is good reason for abandoning it there seems to be a great deal to be said for maintaining spontaneous respiration.
Let us now turn to artificial respiration as used for the resuscitation of subjects who have ceased to breathe in some emergency. First, let us consider one or two points about the nature of our subject.
If a man is subjected to anoxia by being exposed, let us say, to an atmosphere of nitrogen, he will first of all hyperventilate. This hyperventilation may be very considerable, of the order of 30 to 50 litres per minute. Naturally carbon-dioxide is lost and the alveolar pressure of it falls very low. Later the effect of the anoxia will be to depress the respiratory function and respiration will become shallow, irregular and will eventually cease. If arrest occurred very abruptly following the period of increased breathing we might expect the subject to reach respiratory arrest with a low pressure of carbon-dioxide in the blood and alveoli. On the other hand, if the period of depressed respiration before arrest is prolonged, carbon-dioxide must build up within the subject and he will reach respiratory arrest from anoxia with a high pressure of carbon-dioxide in his blood. In fact, animals asphyxiated with either nitrogen or helium stop breathing with high pressure of carbon-dioxide in the blood. Furthermore, a long period of ventilation at normal rate is needed before the carbon-dioxide level falls to normal.
In the case of subjects who have taken an overdose of a depressive drug there is every reason to expect a high carbon-dioxide level at respiratory arrest and this is found. In the case of drowning or asphyxiation by throttling, carbon-dioxide cannot escape from the body at all, and high pressure of carbon-dioxide in the lungs and blood will occur. In passing it must be mentioned that James and others experimenting on drowned dogs did not confirm this expectation. Their results showing unusually low carbon-dioxide pressures, must be regarded with reserve, I think, until they are further elucidated.
Therefore, in all the cases to whom we shall apply artificial respiration in emergency we may anticipate an existing high pressure of carbon-dioxide in the lungs and blood. There would seem therefore to be no place for the use of carbon-dioxide during the period of artificial respiration. Once respiration has. started spontaneously the state of affairs may be slightly different. If the agent which is causing the trouble is a volatile one which can be excreted through the lungs, then there is something to be said for maintaining a high level of ventilation even though it may be at some cost. For example, in carbon monoxide poisoning the rate at which the carbon monoxide is lost from the system is determined in part by the ventilation volume. In this case we might be willing to accept the fact that we were producing higher carbon-dioxide pressures and nevertheless administer carbon-dioxide for the sake of the increased ventilation. The same might well be true in the case of a volatile agent such as 8 140 Section of Ancesthietics carbon tetrachloride. UTntil spontaneous respiration has commenced, however, carbondioxide would appear to have no place in the treatment.
On the other hand the value of administering oxygen during the period of artificial respiration is clear. We have already seen that dogs can be maintained alive in an atmosphere of 100% oxygen, without respiratory movement. It is apparent therefore that if we can administer oxygen it will, so to speak, compensate for deficiencies in our technique of artificial respiration. The methods of artificial respiration may be classified, briefly, as follows: (e) Methods of artificial respiration which depend upon the application of great stimulus to one or other of the respiratory reflexes.
The efficiency of the various methods has been much debated in the past but unfortunately the subjects used for experiment have nearly always been breathing conscious men or men who have voluntarily breathed themselves into apncea. We realize now that little information of value can be secured on such subjects. Few experiments have been carried out upon subjects or patients apnceic from aneshesia or other cause. Waters carried out further experiments on these lines using a deeply anxethetized subject in apncea believed to be due to deep anesthesia rather than to acapnia. The respiratory tracings showed that considerably greater inflation of the subject's lungs was possible by pressure than was in fact obtained by most of the manual methods of artificial respiration. Thus the limitation upon ventilation appeared to lie with the methods rather than with the subject. From the records it would appear that either Schaefer's, Silvester's or Eve's, or any other rational method of artificial respiration, provided that it is intelligently carried out and a clear airway is maintained, can produce adequate ventilation of an unconscious apnoeic subject. More important than the actual method chosen is the intelligent application of it. Ifwe may then assume that any method, within reason, will give us the necessary pulmonary ventilation, is there yet another factor to be considered?
In 1943 Cordier [12] drew attention to the possibility that methods of artificial respiration either hinder or assist the circulation. Cordier expected that methods which produced a negative pressure within the thorax, as for example Silvester's, might be expected to assist the circulation. Cordier made measurements on a cadaver and he found that the pressure changes within the ventricles and auricles were greater with a method such as Silvester.'s than with an intermittent pressure method. Cordier was cautious in interpreting these results and he advocated further experiments on curarized apes. Volpitto [131 and others, Thompson and others [14] , have experimented on animals in respiratory and cardiac arrest to see whether artificial ventilation produced blood circulation. In general their results showed that the circulation produced was negligible in these circumstances.
The interval between cardiac arrest and a point when resuscitation by any means is impossible is extremely brief. It is unlikely that we shall often be able to intervene in this very brief interval. Therefore, it is perhaps of more importance to know what a method of artificial respiration can do to the depressed circulation of a subject who has already reached respiratory arrest but is not yet in cardiac arrest. Hemingway and Neill [15] have published observations on dogs under deep anaesthesia with arrested respiration. They first established that when ventilation with a respiration pump was adequate, the maximum oxygen consumption by the animal had been reached. That is to say, further increases in respiration did not increase the oxygen uptake. When they tried artificial respiration by a variety of methods, all producing ventilation above the adequate level, they found that there was a considerable difference in the oxygen consumption depending on the exact methods used. This suggested that a factor other than ventilation was involved and that a particular method might be superior, not only because of the better *entilation it produces, but because of some other effect. Hemingway and Neill suggested that this other factor may be the circulation rate. In most animals with which they experimented they found that while the circulation rate in a deeply anesthetized subject respired by means of a pump was some 50% below the rate during light anesthesia, if the same degree of ventilation was produced by a postural method, the cardiac output rose and almost reached the light anesthesia level. As yet no direct measurements of cardiac output have been made upon man during artificial respiration. It is possible, however, that similar variations to those noted by Hemingway and Neill do exist. Professor Macintosh, again working with the staff of the R.A.F. Physiological Laboratory, made measurements of the oxygen consumption of a man reduced to respiratory arrest by means of curare. The results are set out in Table I and it will be seen that although the ventilation with each of the three methods was similar, the oxygen consumption varied greatly from one method to another. It certainly suggests that ventilation should not be the only criterion in choosing a method of artificial respiration.
In advising upon a method of artificial respiration for emergency use, therefore, we shall first of all insist upon intelligent, efficient observation of the patient. The maintenance of a clear airway is of paramount importance. In some cases, where the personnel are not well trained, it may be better to use a method which will work fairly well provided that the textbook instructions are followed, rather than one which may potentially be better but which may require more intelligence and discretion in its achievement. As an example we might cite mouth-to-mouth respiration. There is no doubt of the efficiency of this method and it appears simple. Nevertheless intelligent observation of the patient is not easy, nor is it easy to maintain an adequate airway. The method is simple in that it requires no apparatus and it can be carried out in very confined spaces but it seems probable that considerable discretion is required if it is to be efficient.
We shall probably conclude that on the matter of ventilation it does not matter a great deal which of the standard methods we choose.
On the matter of circulation we shall probably conclude that matters are not quite so even. The variation in oxygen uptake between equal ventilation with different methods does suggest that they have varied effects upon the circulation. Final proof of this is not yet available.
